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starting with slides borrowed from Susan’s 
tutorial presentation:

first version of “CSM” was based on GFDL’s MOM.1 
ocean model. Switched over to LANL’s POP 

for CCSM.2 
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this is not an exhaustive list!
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u, v, theta and S are prognostic



!"#$#%

!"#$%&'#(

)*+,$*($-'+&."%(

&'(#)*+(%

,$-.#$%/0+-*1')%

Primitive eqns are Navier Stokes with “thin” 
approximation, plus hydrostatic approx.

POP in CCSM/CESM is run under the Boussinesq 
approx (treat density as constant, except in pressure)
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momentum equations are split into the vertically 
averaged velocity (2-D) and the residual (3-D). This 

makes for quite a sticky mess!
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we use this tripolar grid for the strongly eddying 
global model (orders of magnitude more expensive to 

run this high resolution model)
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staggering of grid must be taken into account in 
post-processing
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also staggered in the vertical



Text

http://www.cesm.ucar.edu/models/cesm1.0/pop2/
doc/sci/POPRefManual.pdf, R.D. Smith et al., 

LAUR-10-01853

if it’s important to get these things right, then go 
to the POP.2 Scientific Reference Manual
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40-level CCSM3 

60-level CCSM3.5 

10m spacing in upper 160m, increasing to 250m in 
the deep ocean



What do we look at in 
the ocean model, to see 

if newer is better?

The following is from “The CCSM4 Ocean 
Component”, overview paper of Danabasoglu 
et al., submitted to J. of Climate.



Drifts in 
horizontally-

averaged 
(potential) 

temperature, as 
a function of 

depth

rate of deep 
cooling not slowing



the depths are 
also getting saltier 
(saltier and colder 
means more dense)



root mean square 
temperature diff 
down from 1.36 
oC to 1.14 oC

(this, mostly a 
reflection of spin-

up procedure)



Overturning 
stream 
function 
(zonally 

integrated). 
Big 

difference in 
Antarctic 
waters (in 

grey, CCW in 
this view)



obs

all good for upper 
ocean poleward flow. 
Not so good for the 
deep return flow.



Poleward heat 
transports: Getting the 
CCSM curves close to 

“obs” (grey swath) was a 
major success of first 

version of the CCSM (no 
more “flux correction”).



Near-surface 
current structure 
of the equatorial 
Pacific is intricate.

It’s important to 
tropical variability 
(ENSO), and was a 

major focus of 
work to improve 

from versions 1 to 
2.



Bias reduction (not 
elimination) in the 
Northwest Atlantic.

Here, these are mixed 
layer depths.



Chlorofluorocarbons 
(CFCs) act as inert 
tracers, tagging 
waters ventilated 

since ~1940s.

Does this indicate 
points that could yet 
be improved, or does 
it motivate the much 
more costly strongly 
eddying version of 

the model?



that was one short take 
on the ocean component

more under CESM web site (look under 
models)

more under LANL web site (http://
climate.lanl.gov/)


